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Diabetes type 1A is an autoimmune condition characterised by lymphocytic infiltration of islets 
and selective destruction of insulin-secreting (J-cells. Numerous investigators have prevented dia- 
betes in animal models with a variety of antigens and routes of administration. It is also now pos- 
sible to identify high-risk individuals even before the appearance of autoantibodies These 
advances have, created the opportunity to design and begin human prevention trials. This review 
focuses on a variety of immunomodulatory approaches (including administration of adjuvants, 
auioar.tigens, T-cells, T-cell receptors, and DNA) that we have collectively termed immunologic 
"vaccination." In addition, we discuss the potential benefits and dangers of these approaches and 
issues relating to the design of human trials. 



Traditional vaccines consist of killed or 
attenuated organisms that prime the 
immune system and generate a pro- 
tective immune response on subsequent 
exposure to the infectious agent. The 
important search for infectious agents 
linked to autoimmunity continues. Never- 
theless, this association is far from clear for 
most forms of human autoimmune dis- 
ease, including diabetes mellitus type 1A 
CI). As a result, a traditional vaccine to pre- 
vent most autoimmune diseases is not pos- 
sible. In contrast, significant advances have 
been made in our understanding of the 
immunology of many autoimmune condi- 
tions. These advances have led to trials in 
animal models of immunologic "vaccines" 
that seek to modify the autoimmune 
response and prevent progression to dis- 
ease. Although there is no ideal single term 
to describe the variety of techniques used 
to modify the autoimmune process, the 
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National Institute of Allergy and Infectious 
Diseases is sponsoring a conference on this 
topic and selected the term vaccination to 
describe different forms of autoamigen 
therapy to modify the autoimmune 
process. Other terms used by authors 
include immunomodulation, immunotherapy, 
and tolerance induction 

The hallmark of diabetes is lympho- 
cytic infiltration of pancreatic islets contain- 
ing insulin-secreting fS-ceils (2,3). Although 
T-cells appear to be a critical component of 
this process, autoantibodies lo specific is'.et 
antigens can be detected in the serum of pre- 
diabetic individuals. Investigators have now- 
characterized many of these autoantigens, 
including immunodominant epitopes of 
insulin (4) and GAD (5-7). Characterization 
of T-cell responses and T-cell receptors for 
specific antigens is an emerging Field. These 
advances have led to the development of 
nontraditional Vaccines" that modify a 



potentially autoreactive and destructive 
immune response and prevent or delay dia- 
betes in animal models such as the NOD 
mouse. This information has now been used 
as the basis for large-scale human trials for 
the prevention of autoimmune diabetes in 
relatives of affected patients. 

This review focuses on these immuno- 
modulatory approaches to prevent autoim- 
mune diabetes, with supponing information 
from other disease models, such as experi- 
mental autoimmune encephalomyelitis 
(FAR). The different areas to be reviewed 
include J) vaccination with ''nonspecific" 
adjuvants; 2) autbantigen administration by- 
different routes (subcutaneous, oral, intra- 
venous, nasal, inhaled); 3) whole T-cell 
vaccination; 4) T-cell receptor (TCR) vacci- 
nation; 5) DNA vaccination; 6) potential 
benefits and dangers of autoimmunity 
vaccines; and 7) issues relevant Lo the design 
of ''vaccine " trials for type 1 diabetes. 

"ADJUVANT" VACCINATION — 

Adjuvants, such as complete Freunds adju- 
vant, are usually administered to enhance 
an immune response. Thus, it was of con- 
siderable interest that a single injection of 
Freunds adjuvant prevented the develop- 
ment of diabetes in NOD mice (8,9). 
Administration of complete (containing 
mycobacteria) but not incomplete Freunds 
adjuvant protected from diabetes. Despite 
the dramatic prevention of diabetes, 
"administration of adjuvant did not prevent 
development of insulitis. A shift in cytokine 
production oT infiltrating lymphocytes cor- 
relates with protection (10-13). 

After the discovery of the effectiveness 
of Freunds adjuvant, bacillus Calmette- 
Guerin (BCG) vaccination was also found 
to prevent diabetes in NOD mice (14). It is 
of interest that heat shock proteins are a 
component of both Freund's adjuvant and, 
BCG and have been a focus of investigation 
in NOD mice (15). Success of BCG vacci- 
nation in animal studies has prompted tri- 
als in humans. A small, nonrandomized 
trial of BCG administration in new-onset 
diabetic patients was carried out in Israel, 
and BCG was reported to enhance remis- 
sions of overt diabetes (16). Unfortunately, 
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diabetic NOD spleen cells, suggesting the 
presence of regulatory- cells in the insulin- 
fed animals. Oral GAD (500 ug twice 
weekly) was fed to NOD mice in a similar 
protocol and resulted in delayed diabetes 
onset (28). Spleen cells from these GAD- 
treated mice, however, were unable to pre- 
vent diabetes in the adult transfer model. 

An additional elegant model where oral 
insulin appears to protect from diabetes is 
a transgenic mouse where the nucleopro- 
tein of the lymphocytic choriomeningitis 
virus is under control of the rat insulin 
promoter (40). Normally diabetes develops 
in >95% of animals after lymphocytic 
choriomeningitis viral infection in a CD8 + 
cytotoxic, dependent manner Twice-weekly 
oral treatment with 1 mg of insulin for 2 
months resulted in protection of >50% of 
the animals. Islets of the protected mice still 
had insulitis, but a majority of the lym- 
phocytes produced interleukin (lL)-4, 1L- 
10, and TGF-p rather than predominantly 
7-interferon, as seen in the diabetic trans- 
genic mice. This finding supports a 
hypothesis that protection from regulatory 
T-cells is induced following oral insulin. 

Several studies suggest that the dose of 
the oral antigen is critical in the mechanism 
of the response. This was first demon- 
strated in the EAE model, where low doses 
of oral myelin basic protein resulted in 
transferable suppression associated with an 
increased secretion of TGF-fi and 1L-4, 
whereas high doses led to anergy and an 
inability to transfer protection (41). Similar 
studies with oral insulin in the NOD mouse 
confirmed the importance of antigen dose: 
animals receiving 1 mg were protected, 
whereas those receiving the higher dose of 
5 mg had an acceleration of disease (37). 
Similar studies have documented the pres- 
ence of T-cells with a TH2-like pattern of 
cytokines (IL-4, IL-10, TGF-p) in peri-islet 
infiltrates of NOD mice fed insulin (42). 

Most reports of oral tolerance suggest a 
need for antigen administration for an 
extended time period. The exception has 
been a report of orally administered insulin 
linked to the cholera toxin B subunit, 
which protected NOD mice from diabetes 
after a single dose (43). Such approaches 
may hold potential for development of an 
oral diabetes vaccine. 

Initial human trials of orally adminis- 
tered antigen in patients with multiple scle- . 
rosis and rheumatoid arthritis suggested a 
possible benefit (44,45). Unfortunately, a 
double-blind, placebo-controlled, phase 111 
multicenter trial of oral myelin in 515 



relapsing-remitting multiple sclerosis 
patients failed to show a benefit. Phase [1 
clinical trials using type II collagen in 
rheumatoid arthritis and S-antigen in 
uveitis are in progress. Individuals identi- 
fied at moderate risk for type 1 diabetes are 
now being randomized for oral insulin or 
placebo as part of the Diabetes Prevention 
Trial (DPT-1). 

INTRAVENOUS SOLUBLE 
AUTOANTIGEN — Intravenous injec- 
tion of soluble insulin was initially shown to 
prevent subsequent immune responses to 
insulin in mouse strains not susceptible to 
type 1 diabetes (46,47). Bovine and ovine 
insulin, when injected into NOD mice at 4 
weeks of age, were effective at reducing but 
not preventing insulitis and diabetes (48). 
This study also demonstrated reduced 
insulin autoantibodies in the insulin -treated 
mice. Intravenous injection of soluble GAD 
into 3-week-old female NOD mice also 
reduced insulitis and diabetes development 
and decreased T-cell proliferation responses 
to GAD (49). 

The mechanism of protection of par- 
enteral soluble antigen, however, remains 
unclear. One hypothesis is that intravenous 
or subcutaneous insulin influences autoim- 
munity by decreasing p-cell synthesis and 
secretion of autoantigens (p-cell rest). This 
hypothesis was first proposed in the BB rat 
model, where hypoglycemic insulin doses 
produced a protective effect (50). Diazox- 
ide, with inhibition of endogenous insulin 
and resulting hyperglycemia, also offered 
protection (51). In subsequent NOD stud- 
ies, however, insulin peptides or forms of 
metabolically inactive insulin provided a 
degree of protection similar to that of intact 
insulin (27,52). These results suggest that 
immunomodulation, rather than p-cell 
rest, is an equal if not dominant mecha- 
nism of protection in ;he NOD. 

NASAL AND INHALED 
AUTOANTIGENS — The immun- 
odominant insulin B:9-23 peptide can also 
be given to NOD mice by an intranasal 
route. This method of administration, when 
given monthly starting at 4 weeks of age, 
significantly delays the onset of diabetes 
and reduces the incidence of diabetes, 
although not as effectively as the single dose 
of subcutaneous peptide in incomplete 
Freunds adjuvant (27). The mechanism of 
nasal protection has not been as extensively 
studied as oral tolerance, although a similar 
process is postulated. Insulin B:9-23 reac- 
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tive, CD4* T-cells with a Th2 phenotype 
can be isolated from the draining lymph 
nodes of B:9-23 nasally treated animals. 
Surprisingly, these Th2 cells accelerate the 
development of diabetes in young NOD 
mice (53), suggesting that the Thl (patho- 
genic) versus Th2 (protective) paradigm 
may be an oversimplification. 

Aerosolized insulin also appears to 
reduce the incidence of diabetes in NOD 
mice treated for 10 consecutive days and 
then weekly starting from 4 weeks of age 
(54). The treated mice had increased 
insulin autoantibodies, decreased spleno- 
cyte proliferation :o B:9-23 peptide and 
GAD, and increased IL-4 and IL-10 secre- 
tion. A similar reduction was also seen in 
animals who started treatment at 7 weeks 
of age, suggesting that initiation of therapy 
after the onset of autoimmunity can be 
effective. A small population of CD8 + 78 
T-cells appeared best able to suppress the 
adoptive transfer of diabetes in this system. 

WHOLE T-CELL VACCINATION — 

Numerous experimental and spontaneous 
autoimmune conditions are now known to 
be T-cell mediated. In the process of study- 
ing these conditions, antigen-specific T-cell 
lines and clones have been isolated and 
found to transfer disease. When these 
T-cells are administered under ccnain con- 
ditions, however, a protective effect is 
observed. In general, the T-cell line or clone 
must first be activated and then attenuated, 
with irradiation for example, to prevent 
disease. This approach has successfully pre- 
vented disease in several different murine 
experimental autoimmune models, includ- 
ing EAE, (55) uveoretinitis (56), thyroiditis 
(57), and collagen-induced arthritis (58). 

Whole T-cell vaccination has also been 
used to treat the spontaneous autoimmune 
diabetes of the NOD mouse. A vaccination 
with T-cells recognizing a peptide of the 65- 
kDa heat shock protein significantly- 
reduced the incidence of diabetes (59). 
Others have vaccinated NOD mice with 
lymphocytes from spleens of diabetic mice, 
which delayed the onset and possibly 
reduced the incidence of diabetes (60). A 
second group used an anti-TCR VP 8 
monoclonal antibody 10 isolate and activate 
a subset of T-cells from diabetic spleens 
(61). These cells were able to suppress dia- 
betes in an adoptive transfer model and 
completely prevent both insulitis and dia- 
betes in young NOD female mice. 

The mechanism of T-cell vaccination 
was initially postulated to be due to a spe- 
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cific antiidiotype T-cell response direded 
at the TCR of the clone used for vaccina- 
tion. Examples of these 1 anii-TCR" T-cells 
have been isolated from animals vaccinated 
with myelin basic protein specific T-cells 
from the EAE model (62). T-cell vaccina- 
tion also results in a nonspecific, delayed 
type hypersensitivity response directed at 
shared antigens on activated T-cells (63). 
Recently, another group reported that T-cell 
vaccination for EAE also induces a hi 1 -noral 
anti-T-cell response capable of inhibiting 
T-cell proliferation and improving disease 
(64). This autoantibody response was not 
idiotype specific, however, as vaccination 
with an unrelated T-cell clone produced 
sera equally effective in suppressing EAE. 

TCR PEPTIDE VACCINES- TCR 

peptide vaccines have been deve loped for a 
variety of autoimmune condir.ions associ- 
ated with autoreactive T-cells containing a 
single predominant TCR chain. These con- 
ditions include EAE, experimental allergic 
neuritis (65), experimental allergic uveitis 
(66), and collagen-induced arthritis (67). 
Investigators have attempted to immunize 
animals with peptides from the hypervari- 
able regions (CDR1, CDR2, or CDR3) of 
the TCR variable (V) chain. This approach 
has the potential advantage of generating 
an immune response to only the autoreac- 
tive subset of T-cells. 

Much of the initial work focused on 
the EAE model, with reports of prevention 
or reduction of the severity of symptoms in 
animals vaccinated with peptides from 
either the CDR2 or CDR3 regions of TCR 
P-chains (68.69). TCR V (3-chain peptide 
immunization also prevented the induc- 
tion of collagen-induced arthritis in mice 
(70,71). Attempts to repeat some of this 
work, however, have produced variable 
results, including one report where the 
peptide vaccination increased the severity 
and course of disease (72). 

Different mechanisms have been sug-' 
gesied for the action of TCR peptide vac- 
cines. Early re pons of protection in the EAF 
model were not accompanied by evidence 
for direct T-T cell interactions. Subsequently 
increasing evidence has accumulated for the 
existence of T-cells that recognize specific 
- TCR peptides (73). Immunogenic TCR pep- 
tides induced CD4" T-cells, which recog- 
nized both recombinant TCR and the 
original pathogenic T-cell (74). Another 
group has further defined a subgroup of 
CD4* regulaiory T-cells specific for an 
immunodominant Vf3 8.2 peptide in both 



EAE and collagen -induced arthritis (71,75). 
These cells appear to be involved in both the 
protection of animals after Vp 8.2 peptide 
immunization and during spontaneous 
recovery from EAE. In addition, deletion of 
these regulatory T-cells with a specific mono- 
clonal antibody increased the severity and 
duration of EAE. Cytotoxic (CD8~) pepiide- 
specific T-cells have also been described after 
immunization with V(3 8.2 epitopes (76). In 
this case, there was no evidence of deletion of 
vp 8.2— cells but rather a suppression of 
stimulation with a VP 8.2-^specifk mono- 
clonal antibody, In contrast, Vp 10 peptide 
immunization for collagen-induced arthritis 
resulted in the absence of Vp 10 cells in 
lv-mph nodes of protected mice compared 
with untreated mice, raising me possibility of 
deletion rather than anergy of the target cell 
population (70). 

The success in treating animal models 
has prompted the investigation of treating 
human autoimmune conditions with TCR 
peptide vaccines. A Vp 17 TCR peptide 
vaccine has been invesli gated in a phase 1 
trial for rheumatoid arthritis (77). Although 
this was an uncontrolled trial, decreases in 
patient joint scores were observed after vac- 
cination. In addition, activated Vp 17 
T-cells were decreased in the peripheral 
blood of a majority of patients given higher 
doses of the vaccine, and T-cell proliferation 
to the Vp 17 peptide was detected in 40% 
of immunized patients. 

Until recently there has been less inter- 
est in the possibility of TCR peptide vac- 
cines for diabetes. In contrast to the 
reporied V'P restriction of many experi- 
mental autoimmune models and some 
human diseases, most investigators have 
not found a similar pattern in the NOD 
mouse. Anchored polymerase chain reac- 
tion (PCR) analysis of NOD thymus or 
spleen cells did not reveal any Vp bias 
(78). The VP repertoire in infiltrated islets 
was also diverse (79). Several investigators 
have sequenced both the Vp and Vu TCR 
chains from small panels of NOD, CD4* 
T-cell clones derived from either the spleen 
or lymph nodes (four clones) (80) or from 
islets (five clones) (81). Both groups 
re poned heterogeneous VP and Va uti- 
lization. Although both panels of clones 
were reactive with islets, the antigens rec- 
ognized by the clones were not known. 
Other experiments argue against a role for 
Vp restriction in NOD diabetes. Selective 
breeding to delete Vp subsets did not pre- 
vent diabetes (82,83). Furthermore, trans- 
genic introduction of a Vp 8.2 TCR chain 



into the NOD (with allelic exclusion of 
>98% of endogenous Vp chains) did not 
alter the disease course (84). 

An alternate approach, emphasized by 
our group at the Barbara Davis Center, 
focused on the isolation and characteriza- 
tion of panels' of T-cells with reactivity to 
defined autoantigens such as insulin and 
GAD. Wegmann and colleagues (85) iso- 
lated large numbers of T-cells from the islets 
of NOD mice, which were subsequently 
discovered to have reactivity with the 
insulin B-chain peptide consisting of amino 
acids 9-23 (B:9-23). Unlike the T-cells in 
the EAE model, these anti-insulin cells con- 
tained heterogeneous TCR p-chains. The 
TCR a-chains, however, were dramatically 
restricted with the predominant use' of a Va 
13.3 segment combined with either Ja 43 
or Ja 34. This restricted TCR a-chain pre- 
dominance raises the possibility of devel- 
oping a TCR a-chain peptide vaccine for 
autoimmune diabetes in NOD mice. Suc- 
cess of a vaccine targeting only insulin - 
reactive T-cells would further contribute to 
testing the hypothesis that insulin is a crit- 
ical if not dominant autoantigen for dia- 
betes. Ongoing studies are examining the 
TCRs of GAD peptide reactive clones. 

More limited data are available on dia- 
betes-associated TCRs in human disease. 
One report described a predominance of 
Vp 7 in CD4" 1 " T-cells derived from islets of 
two new-onset diabetic patients (86). This 
result was not confirmed by a reverse tran- 
scription-PCR analysis on pancreas biopsy 
specimens from Japanese new-onset type 1 
diabetic patients. They did, however, report 
significantly fewer Va transcripts in type 1 
patients versus control subjects, with Va 4 
and Va 6 occurring most commonly (87). 
Insulin B:9-23 reactive T-cell clones have 
recently been isolated from patients with 
type I diabetes (P Gottlieb, personal com- 
munication), and TCR analysis is in 
progress by our group. The presence of 
human TCR restriction for a dominant 
autoantigen, such as insulin, would create 
an opportunity to develop a TCR peptide 
vaccine for diabetes in humans. 

DNA VACONMION — Several groups 
are currently investigating the possibility o: 
administering naked DNA as a form of vac- 
cination to modify autoimmunity. The 
approach of DNA vaccination was an acci- 
dental discovery during attempts to insert 
DNA into muscle cells. The proposed 
mechanism is that the injected DNA is 
taken up by cells, where it is transcribed 
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into mRNA and expressed as protein. Pep- 
tides from the protein can then be pre- 
sented in the context of both class 1 and 
class II major histocompatibility complex 
molecules, which results in both cellular 
and humoral immune responses (88). 
Although the protein can be documented in 
injected muscle cells, an immune response 
is likely mediated by specialized antigen - 
presenting cells, such as dendrite cells. 

Although most studies have invest) 
gated DNA vaccination to treat infectious 
disease, two reports describe the use of 
DNA to modulate autoimmunity. In one 
case, investigators injected DNA encoding 
the mycobacterial heat shock protein 6 "3 
into the muscle of Lewis rats susceptible to 
adjuvant -induced arthritis (89). They then 
documented the expression of hp65 within 
muscle cells, increased specific ^humoral 
and cellular immune responses, and a 
decrease in the severity of arthritis that gen- 
erally correlated with hp65 antibody titers. 
A second group immunized EAE-suscepti- 
blc mice with DNA encoding the TCR vari- 
able region gene Vp 8.2 (90). This 
intramuscular vaccination also resulted in 
both cellular and humoral immune 
responses to the VP 8.2 TCR. In addition, 
immunized mice were protected from sub- 
sequent EAE induction. Data suggested 
that this protection was not due to a dele- 
tion of V(i 8,2 cells but rather to a shift in 
cytokine profiles of the target cells from a 
Th I to a Th2 phenotype. Such a response 
would be potentially beneficial for other 
autoimmune conditions, such as diabetes, 
that also appear to be mediated by T-cells 
with a Thl -like cytokine profile. 

POTENTIAL BENEFITS AND 
DANGERS OF VACCINES FOR 
AUTOIMMUNE DISEASE — As 

with diabetes, most autoimmune diseases 
do not have excellent treatments. Insulin 
replacement, for instance, is an imperfect 
an requiring significant lifestyle changes 
for the individual. The resulting glucose 
control is associated with both short-term 
complications, such as hypoglycemia, and 
long-term complications, such as microvas- 
cular disease (retinopathy; nephropathy, 
and neuropathy) and macrovascular dis- 
ease (heart disease and stroke). The per- 
sonal and societal costs of treating chronic 
conditions of this type are tremendous. As 
a result, the development of a vaccine to 
modulate the immune process, even if it 
meant only delaying the diagnosis of the 
disease several years, would be worthwhile. 



The ability to prevent the disease entirely 
would be a tremendous accomplishment. 

An obvious potential danger of 
immunologic "vaccines" for autoimmunity 
is the possibility of stimulating the immune 
system and worsening the process or even 
initiating autoimmunity. Approaches uti- 
lizing autoantigens or DNA constructs for 
autoantigens would be most likely to pro- 
duce this result, as pathogenic autoimmune 
T-cells target these same autoantigens. 
Neonatal injection of an ovarian peptide, 
for example, results in autoimmune ovarian 
disease and autoantibodies to the peptide 
in female mice (91). Indeed., an early model 
of autoimmune diabetes in rabbits was 
induced by the injection of insulin prepa- 
rations in complete Freund's adjuvant (92). 
In contrast, numerous attempts to induce 
diabetes with defined autoantigens in dif- 
ferent strains of mice and rats have been 
unsuccessful. Furthermore, there have 
been no reports of progression to autoim- 
mune diabetes in nondiabctic patients 
treated with intravenous or subcutaneous 
insulin (e.g., insulin shock therapy) (.93), 
and preliminary evidence suggests that the 
administration of subcutaneous and intra- 
venous insulin delays the development of 
diabetes in nondiabetic anti-islet autoanti- 
body positive relatives (94). 

Two recent articles highlighted the 
potential for immunologic vaccination to 
accentuate autoimmunity. In one model, a 
transgene was utilized to direct islet syn- 
thesis of ovalbumin, and T-cells were 
infused with a monoclonal TCR that rec- 
ognizes ovalbumin (95,96). The feeding of 
large amounts of ovalbumin increased the 
development of diabetes in this model, 
though in the absence of T-cell infusion, 
diabetes did not develop. In a primate 
(marmoset) model of EAE, intraperitoneal 
administration of myelin oligodendrocyte 
glycoprotein led to severe central nervous 
system lesions after initial transient 
improvements (97). These two model sys- 
tems argue for caution in the testing of 
immunologic vaccines! 

T-cell vaccines have the potential of 
generating immune responses to multiple 
T-cell molecules. This is not necessarily 
negative, and it may even contribute to 
immunoregulation. Nevertheless, the 
potential danger of establishing an autoim- 
mune response to T-cells must be consid- 
ered. TCR peptide vaccines avoid this 
potential problem by targeting only a sub- 
set of T-cells containing the target receptor 
clement. Unexpected problems may also 



arise, however, once some of these vac- 
cines progress to clinical trials. A trial of. V(3 
peptides in patients with multiple sclerosis 
produced one patient who developed a 
skin vasculitis after receiving the highest 
dose of peptide (98). The vasculitis 
resolved with a short course of prednisone 
and discontinuation of the peptide. 

DNA vaccination could potentially 
induce anti-DNA autoimmunity. Indeed, 
BALB/c mice immunized with DNA had 
measurable levels of anti-DNA autoanti- 
body titers out no evidence of glomeru- 
lonephritis or other autoimmune disease 
(99). Because of this result, the authors 
also investigated the production of anti- 
DNA antibodies in lupus-prone (NZB X 
NZW) FI mice and found that vaccination 
did not alter the onset or course of lupus in 
these animals. Others have been concerned 
about the potential of DNA vaccines to 
integrate into genomic DNA : disrupting 
critical genes that could contribute to 
tumor formation. The estimated risk, how- 
ever, is very low, and National Institutes of 
Health trials have already been approved 
for healthy volunteers to test DNA vac- 
cines directed at an HIV envelope protein 
and the influenza nucleoprotein. Such the- 
oretical risks should be acceptable to indi- 
viduals at risk for autoimmune diseases, 
such as diabetes, that are associated with 
significant morbidity and mortality 

CURRENT "ANTIGEN"-BASED 
TRIALS OF DIABETES 
PREVENTION — The largest antigen 
based trial for the prevention of type 1 dia- 
betes is the DPT-1, for which >58,000 
first-degree relatives of patients with type 1 
diabetes have been screened for expression 
of cytoplasmic islet cell autoantibodies 
(ICAs). 1CA- positive relatives are "staged" 
with determination of insulin autoantibod- 
ies, first-phase insulin secretion upon intra- 
venous glucose tolerance testing, and HLA 
typing. The presence of the protective HLA 
haplotype DQA1 *0102, DQB1 *0602 is an 
exclusion criterion. High-risk relatives with 
low first-phase insulin secretion are ran- 
domized to intravenous and low-dose sub- 
cutaneous insulin therapy versus close 
observation, whereas relatives with normal 
first-phase insulin secretion but expressing 
anti-insulin autoantibodies are' randomized 
to receive either oral insulin or oral 
placebo. The trial has been well accepted. A 
total of 219 relatives have been randomized 
to the parenteral arm and 130 to the oral 
arm as of March 1998. The study is based 
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in part on a small pilot trial of combination 
intravenous and subcutaneous insulin, 
which is continuing (94). To date, eight of 
eight nontreated relatives became diabetic 
within 3 years, whereas two of nine insulin- 
treated patients remain non diabetic, with 
the longest follow-up at 9 years. Two other 
small pilot trials, one performed in Ger- 
many (100) and the other in Israel, suggest 
a similar delay in onset to diabetes in very 
high-risk individuals. 

DESIGN OF "VACCINATION" 
TRIALS FOR PREVENTION 

F DIABETES OR 
AUTOIMMUNITY— The develop 
ment of quantitative autoantibody assays 
has contributed to the collection of signifi- 
cant "natural" history and pilot trial data. 
This information suggests that one could 
now design larger trials to intervene at sev- 
eral possible stages in the autoimmune 
process. To understand the benefits and 
disadvantages of these different trials, one 
must distinguish between individuals at 
genetic risk (based currently on HIA genes 
and insulin region polymorphisms) but 
with no evidence yet of autoimmunity 
^antibodies to islet proteins such as insulin, 
GAD, or ICAo 12), individuals with signs of 
autoimmunity but with normal insulin 
secretion, individuals with impaired insulin 
secretion (based on first -phase insulin 
release), or finally those with a new diag- 
nosis of diabetes who still produce small 
amounts of insulin as measured by C-pep- 
tide. These individuals represent a spec- 
trum of autoimmunity where those with 
only the high-risk genes have 100% of their 
original p-cell mass, whereas individuals at 
diabetes diagnosis generally have < 10% of 
functioning p -cells. Other individuals, 
those who carry the protective 1 1LA genes 
DQA1*0102 and DQB 1*0602/ may 
develop evidence of autoimmunity (such as 
a single autoantibody) but rarely progress 
to diabetes. . 

A trial to prevent the appearance of 
autoantibodies, for example, would have to 
focus on a very high-risk group. The Dia- 
betes Autoimmunity Study in the Young 
(DAISY) from Denver suggests that 40% of 
first-degree, relatives of patients with type 1 
diabetes who have the highest- risk HLA 
genotype DR3/4 (DQB1*0302) will develop 
persistem expression of biochemically deter- 
mined autoantibodies by 2 years of age 
(101.102), A preliminary analysis suggests 
that 70% of these individuals will develop 
diabetes within 3 years. Studies from Ger- 



many of offspring of parents with tvpe 1 dia- 
betes find a similar risk of conversion to 
autoantibody positivity (19). A power cal- 
culation estimates a need lor 182 individu- 
als randomized to either therapy or placebo 
''immunization 5 ' to detect a 50% decrease in 
events. Assuming a 50% panic. pation rate, 
one would need to screen 3 ; 640 newborn 
first-degree relatives to identify the 364 
(10%) high-risk individuals eligible for 
enrollment. Other data suggests that a 
majority of the individuals positive lor one 
antibody will eventually develop two or 
more antibodies prior to diagnosis. As a 
result, one might also consider a trial to prc- 
vent.subsequent antibody development in a 
group positive initially for only a single anti- 
body. Such an approach might limit the 
number of individuals needed for the study 
while still allowing an intervention early 
enough in the autoimmune process to 
improve chances for a positive result. 

CONCLUSIONS — Although many 
different therapies will prevent or delay 
diabetes in the NOD mouse, few will likely- 
have the same impact on humans. Small 
pilot trials suggest that human autoim- 
mune diseases may be less likely to respond 
to interventions than animal models. 
Unfortunately; most of the human trials 
tested interventions at a very late stage of 
the autoimmune process, such as at diag- 
nosis of new-onset diabetes. It seems. rea- 
sonable that a therapy unsuccessful at this 
stage could have a very different result if 
initiated before the appearance of autoanti- 
bodies. Although insulin peptide B:9-23 
decreases the development of diabetes in 
MOD mice even late in the disease process 
(.12- and 16-week NOD mice; P. Gottlieb, 
personal communication), the treatment is 
most effective if administered before 
aere.ct able autoimmunity (4 weeks of age). 
Although this suggests that it may be pos- 
sible to test immunologic therapies late in 
the disease process, similar to the design of 
the current DPT-1 trial, administration of a 
"vaccine" bdbre the appearance of autoan- 
tibodies may be more likely to produce 
positive results. As a result, one must be 
careful not to eliminate potentially useful 
treatments based only on the results of late- 
stage autoimmunity trials. Hopefully early- 
stage intervention trials will be conducted 
in the near future. ■. 

Many of the major decisions concerning 
trials of immunologic Vaccination' to pre- 
vent diabetes have already been addressed in 
current preventive trials and studies of the 



natural history of type 1 diabetes. We are 
rapidly approaching the point where it 
would be possible to design and implement 
a trial to treat individuals "before" the devel- 
opment of autoantibodies. With HLA typ- 
ing and family history of t>pe 1 diabetes, 
one can identify individuals with a 40% risk 
of expressing autoantibodies. Improve- 
ments in genetic characterization and our 
understanding of early pathogenic events 
will likely increase predictability of activa- 
tion of autoimmunity. Nevertheless, it .s 
unlikely that 100% predictability will ever 
be achieved for any group lacking autoanti- 
bodies. As with any screening program, one 
must consider the risk of false positives and 
stigmatization. Until an effective treatment 
is available, genetic and antibody screening 
for diabetes should be performed for 
research purposes only. 

Critical factors in the design o!" future 
intervention trials will include the dose of 
antigens and adjuvants and the unknown 
safety of the proposed regimens. These 
issues will likely be addressed through the 
following series of seven stages: Stage 1 , 
testing different vaccines, adjuvants, doses, 
and routes of immunization in animal 
models; Stage 2. phase I administration to 
normal individuals to assess of develop- 
ment of anti- islet autoantibodies or unex- 
pected toxicity; Stage 3. evaluation in 
patients with new-onset type 1 diabetes, 
with rhe major outcome variable being loss 
of C-peptide secretion; Stage 4, trials in rel- 
atives of patients with type 1 diabetes who 
express anti-islet autoantibodies; Stage 5, 
trials in the highest genetic risk individu- 
als—at present DR3/4 (DQB 1*0302) rela- 
tives of patients with type 1 diabetes — who 
do not yet express anti -islet autoantibodies; 
Stage 6, trials in groups with a moderate 
genetic risk of type 1 diabetes; and Stage 7, 
true large-scale vaccination trials in the gen- 
eral population. 

Though a pathway to the testing of 
immunologic ■Vaccination" for prevention 
of type 1 diabetes is relatively clear, it Ls 
likely that the actual path to this goal will 
be altered as our knowledge increases. 
Prior human trials utilizing incomplete 
Freunds adjuvant, and our own experi- 
ence with insulin as an autoantigen in both 
the NOD mouse and humans, have con- 
tributed to this combination as a leading 
therapy for further evaluation at the Bar- 
bara Davis Center. Other centers will likely 
choose different approaches to move 
toward the ultimate goals of developing an 
immunologic "vaccine" to prevent diabetes 
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in susceptible individuals and hailing 
recurrent auto i mm unit)' after islet or pan- 
creas transplantation. 
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